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Abstract 
In this study, we examined the last four strides of athlete’s who had two different long jump performances. Twenty male long 
jumpers’ long jump performances were recorded two video cameras (50 Hz). Differences the lengths of last four strides, velocity 
of center of gravity (CG) which was formed during the last four strides in two groups were investigated. It was determine 
significant differences the lengths of last four strides; the height of the athlete’s CG during the last four step (except the last step);
the fourth to last stride velocity  between two Group I and Group II (p<.05). There were significant differences horizontal and 
vertical velocity at the instant of touchdown and horizontal velocity after the touchdown between in two Groups (p<.05).  
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1. Introduction 
The takeoff distance for the last four strides, the landing distance for the last stride, and the takeoff height for the 
jump were significantly correlated with the distance of the jump. These three positions variables were significantly 
related to the distance of the jump by virtue of their relationship with the velocity of the approach and, to lesser 
extent, the vertical velocity at takeoff for the jumping. Considered alone, they were not influential in determining the 
distance of the jump (Hay and Nohara, 1990).  
Run-up is most important part of long jump. The best jump depends on the run-up. The purpose of the run-up is 
to get the athlete to the optimum position for takeoff with as much speed as he can control during that part of the 
jump (Brüggemann, 1994; Schmolinsky, 1982; Popov, 1991). 
The length of run-up that an athlete should use depends on the percentage of his top sprinting speed that he is 
capable of controlling at takeoff and on his capability to maintain a consistent pattern of striding from one jump to 
the next (Arampatzis et al., 1997; Hay, 1978).   
During the last 3 to 4 strides of his approach the athlete brings his trunk into an upright position and lowers his 
center of gravity in preparation for the takeoff to follow. These changes in body position produce accompanying 
changes in the athlete’s stride length and stride frequency (Hay, 1978). 
The purpose of the takeoff is to obtain vertical velocity while retaining is as much horizontal velocity as possible. 
As the athlete’s foot lands at the end of the last stride of the run-up; the hip, knee and ankle joints flex a little to 
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cushion the shock of the impact and to position of the leg for the vigorous extension to follows moments later (Costa 
et al., 1997; Hanavan, 1964; Popov, 1991). 
The most important influence on the effective distance is the flight distance of the CM (Lees et al., 1983). This 
distance is determined by the CM’s takeoff velocity, the takeoff angle and the height of CM from takeoff to landing 
(Lees et al., 1983; Hay, 1978). 
Correlation of the horizontal velocities at takeoff with the distance of the jump has yielded results that appeared 
to be heavily influenced by the nature of the sample. Studies of top-class long jumps have indicated that the 
horizontal velocity takeoff is the dominant influence in determining the distance of the jump. Nigg, for example, has 
reported correlations between the horizontal and vertical velocities and effective distance of the jump of r=0.79 and -
0.08, respectively. According to Nixdorf and Brüggemann, “investigations which use less homogeneous test groups 
and consequently show a grater variability in vertical velocity [the standard deviation for Nigg’s sample was only 
0.04 m/s] come to a higher valuation of the vertical velocity component (Arampatzis et al., 1997). 
According to, Popov this reduction becomes more pronounced when the angle of projection of the body’s CG 
and the height of the jump are increased. “This statement has been supported in part by data showing a relationship 
between the loss in horizontal velocity and the jumping height” –that is the maximum height to which the CG is 
elevated above its height at takeoff (Hay and Nohara,1990).  
The aims of the present study were to examine the stride lengths, height of center of gravity and velocities of last 
four strides.  
2. Material and methods 
2.1. Participants  
The participants were 20 long jumpers’ individuals. The experiments were approved by the local ethics 
committee, and all participants provided informed consent. Four male undergraduate students (Group I) and four 
male long jumpers (Group II) participated in the investigation (age 20-22 years). 20 long jump performances 
completed Group I (long jump degree ≥ 6.00 m) and Group II (long jump degree ≤ 6.00 m) were recorded for 
kinematics data. 
2.2. Experimental procedure 
 
The participants were 20 male long jumpers with a mean age 21.0 years. Ten participants were a professional 
athlete and the other ten were university athletes. For data acquisition, two fixed digital video records were obtained 
for each individual’s long jump performance using a digital video camcorder located approximately 9.5 m form the 
individual and operating at 50 Hz with a shutter speed of 0.005 s. First camera was positioned to capture the support 
phase of the last four strides before take-off. Second camera recorded the support phase of the last step and take-off. 
All two cameras were calibrated using the same calibration frame. In this study, tape markers were wound around 
each joint to identify the joint center. Before testing the aim of the study were explained in full to all players. 
2.2.1. Analysis and treatment of data 
The video records were digitized at a frequency of 50Hz using the VipeoPoint 2.0. motion analysis system 
(VideoPoint 2.0, Pennsylvania, USA). It was registered the position of the fifteen body landmarks: wrist, elbow, 
shoulder, hip, knee, ankle, toe (each side of the body) and head in two dimensional coordinates. Lengths, heights 
were calculated using the stored coordinates. The position of center of gravity (CG) and first time derivate of 
position data of CG were calculated by VideoPoint 2.0.  analyzing program based on body segments parameters. 
The location and velocity of the CG of various segments were calculated using the Hanavan model (Hanavan, 1964) 
as well as the Zatsiorsky model (Zatsiorsky et al., 1984).  
These were all of frames showed the subject in contact with the ground during the support phases of the fourth-
last, third-last, second-last and last strides of the approach and the first frame showed the subject off the ground at 
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the start of the last stride. Each stride was considered to consist of a support phase followed by a non-support phase. 
Stride length was calculated as a distance between ankles.  
There are marked changes in the height of athlete’s CG during the final strides of the approach. The heights of 
CG were determinate at the instant of support phase of lead leg as a height of CG for each stride. Horizontal and 
vertical velocities were determinate before the support phase of lead leg, at the support phase and after the support 
phase. Horizontal and vertical velocities of CG were calculated as a m/s. 
 
2.4. Statistical analysis 
Data are expressed as means and standard errors. Comparisons among groups were made using Student t-test. 
Statistical significance was accepted at the p<0.05 level. 
3.  Tables 
Table 1. Means (SD) for last four stride lengths of the Group I and Group II 
 
Strides Group I Group II p 
The fourth to last stride(m) 1.83(0.19) 1.74(0.10) 0.04* 
The third to last stride(m) 1.92(0.22) 1.77(0.14) 0.01* 
The second to last stride(m) 2.15(0.14) 2.02(0.24) 0.03* 
The last stride(m) 2.06(0.25) 1.89(0.22) 0.02* 
* p < 0.05 
 
In this study, a significant difference was observed between two group stride lengths 
 
Table 2. Means (SD) of the heights of CG during the last four stride 
 
 Group I Group II p 
Last step(m) 1.04(0.07) 1.02(0.06) 0.20 
The second to last step(m) 1.06(0.08) 0.98(0.03) 0.00* 
The third to last step(m) 1.11(0.07) 0.98(0.06) 0.00* 
The fourth to last step(m) 1.11(0.05) 0.99(0.09) 0.00* 
* p < 0.05 
 
The height of CG (m) for each stride were determinate support at the instant of support phase of lead leg, CG: center of gravity 
 
The height of the athlete’s CG during the last four step, there is no significant differences the heights of CG at the 
last stride (p>.05). But there were significant differences the second to last step, the third to last step and the last to 
fourth step in two groups(p<.05) 
Table 3. Velocities of last four strides 
 
 Group I Group II p 
Last stride velocity (m/s) 9.80(0.54) 9.85(0.56) 0.40 
The second to last stride velocity (m/s) 9.72(0.53) 9.70(0.33) 0.44 
The third to last stride velocity (m/s) 9.49(0.46) 9.55(0.39) 0.32 
The fourth to last stride velocity (m/s) 8.85(0.54) 9.12(0.36) 0.03* 
Last stride velocity (m/s) 9.80(0.54) 9.85(0.56) 0.40 
* p < 0.05 
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Velocities (m/s) of the last four strides for each stride was determinate at the instant of lead leg which was support phase 
 
The velocities of the athlete’s last four stride, there is no significant differences between stride velocities except 
the fourth to last stride velocity (p<.05). The fourth to last stride velocity was determined 8.85(0.54) m/s and 
9.12(0.36) m/s for Group I and Group II, respectively 
 
Table 4. Velocities and heights of CG 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* p < 0.05 
 
The horizontal and vertical velocities of the athlete’s CG at the instant of touchdown, there is significant 
differences between in two groups (<.05) (table 5). The horizontal velocity at the instant of touchdown was 
determined 9.35(0.78) m/s and 8.66(1.18) m/s for Group I and Group II, respectively. The vertical velocity at the 
instant of touchdown was determined 0.54(0.41) m/s for Group I and, 1.29(0.84) m/s for Group II. The horizontal 
velocity after the touchdown was determined 8.18(0.49) m/s and 8.53(0.61) m/s for Group I and Group II, 
respectively (p<.05). 
4. Discussion and conclusion 
In this study, when examine the last four stride lengths of Group 1 and Group 2, has been found significant 
difference at the 4th to last stride, at the 3rd to last stride, at the 2nd to last stride and at last stride (p<.05). Both two 
Groups increased stride lengths until in the 3rd to stride and then decreased stride lengths on the last stride. Group I 
and Group II athletes stride lengths decreased 0.09 m and 0.13 m, respectively. The last stride of Group I athletes 
was longer than Group II at touchdown. There are probably no technical aspects of the long jump that has 
occasioned more speculation and debate among coaches and others than the optimum length of the last stride 
relative to the second-last. In response to this interest, it has been shown in numerous studies that for most jumpers, 
the last stride is shorter than the second-last by amounts up to about 0.70 m (Nigg, 1990)). It has also been shown 
have achieved excellent distances with jumps in which the last stride was longer than the second-last (Nigg, 1990). 
Beamon, for example, is reported to have had a second-last stride of 2.40 m and a last stride of 2.57 m when he set 
his world record of 8.90 m. Finally, a no significant relationship (r=-0.33) has been found between (1) the ratio of 
the lengths of the second last and last stride, and (2) the effective distance of the jump (Nigg, 1990). 
When compared the height of the athlete’s CG during the last four stride, there is no significant differences the 
height of CG at the last stride (p>.05). But, there are significant differences at the heights of CG at the first to last 
stride, at the 2nd to last stride and  at the 3rd to last stride(p<.05). The heights of CG  of the Group I athlete’s, 
according to the 4th to last stride, had been decreased at the 6.3% ratio at the last stride, increased at the 2.4% ratio at 
the last stride. Nixdorf and Brüggemann concluded that the degree of lowering of the center of gravity is an 
indicator of techniques. Similar (Nixdorf-Brüggemann) results were obtained for developing male long jumpers, 
decathletes and heptathletes with the male athletes lowering the CG an average of 7 percent and the females 5 
  Group I Group II p 
H
or
iz
on
ta
l a
nd
 v
er
tic
al
 v
el
oc
iti
es
  
an
d 
he
ig
ht
s o
f C
G
 
Before the  
touchdown 
Vx1 (m/s) 9.80 (0.54) 9.85(0.56) 0.83 
hCG1 (m) 0.91(0.11) 0.93(0.10) 0.43 
 
At the instant of  
touchdown 
Vx(m/s) 9.35(0.78) 8.66(1.18) 0.03* 
Vy(m/s) 0.54(0.41) 1.29(0.84) 0.00* 
hCG (m) 0.87(0.10) 0.89(0.14) 0.23 
 
After the  
touchdown 
Vx2 (m/s) 8.18(0.49) 8.53(0.61) 0.03* 
Vy2 (m/s) 3.19(0.65) 3.05(0.64) 0.26 
V2(m/s) 8.77(0.45) 8.99(0.45) 0.07 
hCG2 (m) 1.14(0.07) 1.17(0.11) 0.78 
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percent (Brüggemann, 1994). In a later paper, the same authors reported what appear to be larger values for 
decathletes about 0.14 m and heptathletes a maximum lowering of about 0.06 m (Hay and Miler, 1985).  
The mean values of first velocity (Vx1) of Group I and Group II were determinate 9.80 m/s and 9.85 m/s, 
respectively.  And, the mean values of the heights of CG of Group I and Group II were determinate 0.91 m and 0.93 
m, respectively. Because of the leg lengths of the Group II athletes were shorter than the others, the heights of CG 
were found higher. This result might be explained that the values of cormique index Group II were higher than the 
others. When looked at the components of horizontal and vertical velocity instant the touch-down, the mean values 
of horizontal velocity (Vx) of Group I and Group II were determinate 9.35 m/s and 8.66 m/s, respectively. However, 
it was seen that both group athletes had a similar horizontal velocity.  But Group I athletes had better performance 
than Group II. Because, this athlete’s vertical velocity instant touch-down were better than the others. 
Group I athletes has lost 4.6% and Group II athletes 12% of their velocities at the instant of takeoff. For this 
reason, performance values of Group II athletes were worse than the others. However, last stride lengths of Group I 
athletes were determinate longer than Group II athlete’s. And, the takeoff force which is applied by the leg can 
affect performance. The most important information reached at the takeoff phase. Horizontal velocity at run-up and 
takeoff phase affects jump length. This condition more is clear at the elite level performance run-up and takeoff 
phase. The velocity must reach both run-up and takeoff phase. Jump force which is developed by the athlete instant 
of takeoff, is achieved during the run-up approach and with adjustment at the last four strides. It’s related to at the 
takeoff more less vertical velocity and with fast run-up of athlete. Because, during the run-up, horizontal velocity is 
large (9.55m/s-10.52 m/s for 100 m) takeoff time is small (0.11 s-0.13 s) (Baumann, 1989). In our study, maybe, the 
most important findings which are affected performances of both Groups had been seen at the touch-down phase. 
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